Abstract: The wind tower is an ancient technique used since the time of Feraoun (1300 AC) until today for natural ventilation in the arid
Introduction
Thermal comfort is a recognized and justified request in buildings because of its impact on the quality of indoor environments, health and productivity of the occupant from three-quarters of his time inside. This request is supported by standards and regulations that ensure compliance of indoor environments with thermal comfort requirements. But research consistent and comfortable indoor thermal environment in accordance with standards, throughout the year and regardless of climatic peculiarities of the site, buildings ... accompanied by an increase in climate systems, resulting in high energy consumption, fossil basically, exhaustible and polluting. [1] In Algeria, the residential sector represents the largest energy consumption by 42 % of national energy consumption [2] . Big amount of this energy is provided to ensure thermal comfort especially in hot, arid regions like the south of Algeria. The use of HVAC equipment represents the largest end-use in residential buildings and offices, nearly two-thirds of total energy consumption [3] [4] .
Fig.1 Wind Tower
Ventilation can have two sources: natural or mechanical. Mechanical ventilation can be effective and controlled, but it represents 25 % of energy consumption in the building ventilated mechanically [5] .
Natural ventilation is a passive cooling strategy because of the large potential for reducing energy consumption, in promoting air quality and thermal comfort satisfying [6-7-8-9] .
It is defined as air infiltration into the building through openings and internal movement (air flow) caused by the pressure gradient due to wind and buoyancy effects and it has a large depends on the weather conditions of the region.
Etheridge [10] divide the natural ventilation of a building into two parts: the envelope flow (how air moves in and out) and the movement of air inside. The envelope flow is generated from the differences in pressure across the envelope generated by the wind and the differences in internal/external temperature. The internal air movement comes from buoyancy forces generated by differences in internal temperature and by dynamic forces at the input and output openings.
II. Description Of Wind Towers
Wind tower is a formal structure element of Iranian architecture that is used to transmit the wind to the interior spaces of buildings to provide thermal comfort for occupants. Wind tower in Iranian architecture is a combination of inside and outside building [11] .
The wind tower catches the prevailing wind that flows at a higher speed relative to the ground, directing it down the tower. The air velocity increases down until it reaches its maximum value at the discharge opening of the tower which is at the same time the air injection orifice in the building. The air flows in the space occupied by the inhabitants providing natural ventilation and leaves the building through openings, doors and windows.
In the night time, the operation of the wind tower will be reversed or it acts as a chimney (stack effect). The indoor air (less dense) leaves the building through the tower. It will be replaced by outside air (denser) that enters through the openings and windows.
III.
Materials And Methods
Numerical Modeling
The equations governing the wind flow in the neutral and stable atmospheric boundary layer ABL are:
Liquids and gas flowing at low speeds behave like incompressible fluids [12] . The governing equations for an incompressible fluid such as atmospheric air in the rigorous sub-layer then become:
Conservation of mass [13] : The most important factor influencing the ventilation capacity of the wind tower is the internal pressure field induced by the wind strongly influenced by the geometry of the tower and the wind direction relative to the opening of the latter [14] .
The surface pressure coefficient of a building is defined by: 
With P is the local pressure (Pa). P 0 represents the static pressure (Pa) and v 0 is the reference velocity of the air (m / s), ρ is the air density (kg/m3).
To demonstrate the effect of wind and its direction on the external pressure field and consequently the ventilation capacity of the wind tower, external aerodynamic shape of the face in windward of the tower is questioned. Three new aerodynamic forms are studied: circular, triangular, the U shape and traditional square shape (Fig. 2 ).
Geometry
The exterior field is entirely composed of atmospheric air. The dimensions of the field are chosen according to the recommendations of Revuz [15] to avoid the blockage effect on simulation results. The blockage effect rate is defined as the ratio between the face of the exterior domain and the wind tower face which must not exceed 3 %. In our case, the blockage effect is equal to 0.89 %. 
Mesh
An unstructured triangular mesh is used in the study with refinement at the wind tower to take the interaction between wind and walls of the tower into consideration. This mesh type choice is due to the geometric complexity of the triangular, circular, and U aerodynamic forms. The triangular mesh covers every detail of these geometries (Fig. 4) .
Fig.4
Unstructured triangular mesh with a refinement at the wind tower location. 
Boundary conditions and initial conditions

IV.
Results And Discussion The obtained simulation results show that the 4 aerodynamic forms have a positive pressure in the windward and a negative pressure in the leeward of the wind tower. It is also important to mention the existence of a recirculation zone of flow in this zone. Another detachment area of flow in the two lateral sides of the wind tower exists in four studied models and the size of this area change from one model to another.
The circular and triangular model have the greatest negative pressure region and also critical areas in the lateral sides because of flow detachment in these areas ( Fig. 10 ) with pressure drop (-7 to -6 Pa). Pressure drop region is greater in the circular model in comparison with triangular model.
A new recirculation flow zone exist in the U model due to the geometric shape that plays the role of obstacle which forces the flow to recirculate it before leaving this zone.
The pressure coefficient of the wind tower is greater in the square and U model (10.7) than the circular and triangular model (10.2) .
The area where the wind speed becomes a minimum (almost 0 m/s) is available in three models, causing a large flow stagnation area and therefore a large positive pressure region in comparison with the traditional shape (square and rectangular). 
V. Conclusion
Natural ventilation by wind towers is an effective technique used in the past and the present to ensure thermal comfort especially in hot arid regions.
The aerodynamic shape of the windward wall of a traditional wind tower is studied in this paper. The traditional wind tower often uses rectangular and square shapes. 3 new models are studied: circular, triangular and the U shape
The results confirm the importance of the geometry of the wind tower to improve the performance of this technique. In comparison with the square model, the two circular and triangular models have external and internal pressures much higher than the square and U model. Higher pressure difference between the inside and outside of the wind tower leads to better natural ventilation performance of the device. The results can improve the performance of both traditional and commercial (modern) wind towers.
